This paper reviews the research history of option pricing, then our model assumes that the interest rate subject to a given Vasicek stochastic differential equations, using option pricing by martingale method to study the stochastic interest rate model of European option pricing and obtain the pricing formula. Finally, we compare the differences between the standard European option pricing formulas and European option pricing formula under stochastic interest rate.
Introduction
and Merton [2] (1973) showed in their seminal papers that a derivative security can be priced by creating a replicating portfolio, i.e. a portfolio of primitive securities which matches the payoff of the derivative at maturity. Since both the replication portfolio and the derivative offer the same payoff at maturity, they have to have the same price at any preceding time. Deviations from this equality lead to arbitrage possibilities. Hence, the pricing by duplication procedure inhibits arbitrage by construction. Since then the field of financial engineering has grown phenomenally. The BlackScholes-Merton risk neutrality formulation of the option pricing theory is attractive because the pricing formula of a derivative deduced from their model is a function of several directly observable parameters (except one, which is the volatility parameter). The derivative can be priced as if the market price of the underlying asset's risk is zero.
Detemple [8] (2005) reviewed the valuation of American options. Several semi-analytical approximations for American option prices have been proposed in the literature (Barone Adesi and Whaley [1] , 1987; Broadie and Detemple [5] , 1996; Bunch and Johnson [6] , 2000). Although these approaches are fast and accurate, they can not easily be extended beyond the Black-Scholes model. It has been firmly established that the Black-Scholes model is not consistent with quoted option prices. The literature advocates the introduction of stochastic volatility or jump store produce the implied volatility smile observed in the market. The introduction of an additional stochastic volatility factor enormously complicates the pricing of American options. Presently, this can only be done by means of numerical schemes, which involve solving integral equations(Kim [16] In this paper, we assume that the interest rate subject to a given Vasicek stochastic differential equations, by using martingale method to study the stochastic interest rate model of European option pricing and obtain the pricing formula.
The paper is organized as follows. In Section 2 we describe the assumptions of the option model, using martingale method, by solving a second order parabolic partial differential equation, we obtain the European option pricing formula. In Section 3 we compare the differences between the standard European option pricing formulas and European option pricing formula under stochastic interest rate.
European option pricing Formula
The standard BS model makes the following assumptions: the market is frictionless (i. e. no transaction costs or taxes and no penalties for short selling); the market operates continuously, the risk-free interest rate r is a known constant; the asset price t X follows Geometrical Brownian Motion(GBM) with constant volatility σ > 0 and pays no dividends; options and derivatives are European (i. e. no early exercise) and expire at time T with a payoff that depends only on T X ; the market is arbitrage free.
Under the assumption of GBM, the asset price t X satisfies a stochastic differential equation (sde) 
where subscripts on V denote partial derivatives. It is sometimes more instructive to write this last sde in the equivalent form 
We know by the martingale method option pricing theory [10] , there exist a martingale measure Q, such that 
Based on unit conversion valuation theory, the equivalent martingale measure exists, such that (10) can be rewritten as
In the last equation, we use the fact To solve problem (8) and (9), we draw a new transformation of independent variables, ( , 
Considering transformation (13) and the function ( , ; ) P r t T satisfies the following second order parabolic pde's Cauchy problem
Then, we immediately find that function ( , ) V y t satisfies the equation is the option's strike price,
The solution of problem (15) can be expressed by the general Black-Scholes formula
Reverse to the original variables ,,
X r t and unknown function V
by the transformation (13) and (14), such that (16) and (17) 
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This formula was first proposed by Merton in 1973, when he was not received the random model of shortterm interest rate r , but directly starting from the zero-coupon t P , assuming t P to meet the geometric Brownian motion, under the martingale measure, it is described by the following Stochastic differential equations, 
Conclusions
Compared with the standard European option pricing formula and European option under stochastic interest rate, there are only two differences: one is zero-coupon replaced by () r T t e  ; another is that using  instead of stock price volatility 1 

. Except that the pricing formulas is exactly the same form.
Analysis from the actual markets, If a short-term interest rate model is given, only for the Vasicek model and Hull-White model [14] , European option pricing formula has a simple form of the Merton formula (23). For C-I-R model, the corresponding zero-coupon stochastic model, the fluctuations in the rate of entry also including t r , so it can not write (22), so by pricing unit conversion of lower dimension than Number of purposes, such as lost that possible style of (24).
